influenza virus. J. Bacteriol. 86:239-245. 1963 .-During the adsorption period after the inoculation of chick embryos with the PRS strain of influenza A virus, bound sialic acid (BSiA) in the chorioallantoic membranes decreased, presumably as a result of cleavage of surface glycoprotein by the viral neuraminidase. A further decrease occurred between 1 and 6 hr after infection, indicating that cleavage of the surface glycoprotein was continuing, and that the enzyme may have begun to act upon intracellular glycoprotein. Decreased levels of BSiA continued until 48 hr after infection, possibly as a result of continued intracellular enzyme activity plus destruction of glycoprotein as virus was released from the surface of the cells. BSiA began to increase 48 hr after infection, presumably because of regeneration of glycoprotein and its decreased destruction by the viral enzyme, since the process of infection was largely completed. Heat-stable hemagglutination inhibitor did not begin to decrease until 8 hr after infection; thereafter, the levels of BSiA and inhibitor appeared to be related.
Hirst (1942) with heat-inactivated or indicator virus and to inhibit hemagglutination. Therefore, these and related materials from other sources are also referred to as inhibitors.
The literature on this subject has been summarized by Burnet (1960) and Gottschalk (1960) . Inhibitors have been found in a variety of animal tissues and fluids; some have been partially purified and shown to be glycoproteins. Gottschalk and Lind (1949) showed that the viral enzyme is a neuraminidase which attacks glycoprotein at the glycosidic linkage between sialic acid (SiA) and N-acetylgalactosamine, liberating free sialic acid (FSiA). SiA is the designation used for acetylated derivatives of neuraminic acid. SiA is also released on incubating mucoid substances of chorioallantoic membrane (CAM) with neuraminidase of viral origin (Lau6fkovt4, 1959) . Mayron et al. (1961) isolated viral neuraminidase from influenza virus, and suggested that the hemagglutinin and enzyme of the virus are separate entities.
Observations of experimental infections suggest that the viral enzyme combines with and cleaves the glycoprotein of the cell surface before penetration into the cell (Stone, 1947) , and possibly, in the case of Sendai virus, at the time of penetration (Zhdanov and Bukrinshaya, 1962) . It has also been postulated that the viral enzyme may be important in the release of the infective virus from the cell surface (Cairns and Mason, 1953) . Schlesinger and Karr (1956) , studying the fluctuations of influenza virus inhibitor in the CAM of chick embryos, found that the viral enzyme was probably active intracellularly during the period of virus synthesis; this finding confirmed an earlier suggestion of Edney and Isaacs (1950 MIacDonald (1948) or by the method of in vitro CAM\I culture as described by Fazekas de St. Groth and White (1958) . Although we found the latter method only one-tenth as sensitive, it was economical, rapid, and gave a satisfactory correlation with SiA levels.
Preparation of membranes and fluids for assay of SiA. Groups of 12 to 16 11-day-old chick embryos were inoculated with 0.1 ml of a 10-3 dilution of purified seed virus and incubated with uninoculated controls at 37 C for intervals from 0 to 72 hr.
In certain experiments, indicator virus was used as a control; it was prel)ared by heating at 56 C for 30 min at which time we postulated the viral enzyme was destroyed, since it failed to elute after adsorption to chicken RBC. After incubation, the eggs were chilled at -26 C for a min to depress metabolism as quickly as possible, and placed at 0 to 4 C overnight. The CAF and CANI were then collected in the same sequence as inoculated, and stored at 0 to 4 C. The CAF were centrifuged at 252 X g for 30 min, and 40-ml volumes were then lyophilized by means of a VirTis freeze-drying ap)paratus.
After further drying over CaCl2, the residues were weighed and stored at 0 to 4 C. Before use, the samples were reconstituted with PBS to approximately one-fourth the original volume.
The CAM were prepared by washing with PBS, mincing at 0 C in a Servall "Omni-MIixer" at 12,500 rev/min for 5 min, and then centrifuging at 1062 X g for 15 min. The supernatant fluid was considered "membrane extract" and consisted of tissue juices and whatever PBS remained from the washing process.
Infective CAF and membrane extracts were titered for viral hemagglutinin, and also for infectivity. After heating at 70 C for 30 min, or 100 C for 5 min, to inactivate the hemagglutinin, they were titered for hemagglutination inhibitor according to Hardy and Horsfall's (1948) adaptation of the Salk (1944) HI test in which doubling dilutions are used. We also tried to obtain greater accuracy by using fractional dilutions according to Horsfall and Tamm (1953 of inoculation to 72 hr (Fig. 1) . In five experiments, the BSiA drop)ped from an average of 41.2 to 30.4 jug/mi in 1 hr, although no decrease in inhibitor was noted. Any virus detected during the first 3 hr after inoculation was presumed to be that adsorbed from the inoculum (Henle, 1953 (Fig. 2) . The BSiA continued its downward trend to a low of 10.5 jug/mi in 48 hr, followed by a rise to 16.5 ,ug at 72 hr (Fig. 4) of FSiA in normal and infected membranes was negligible. Inhibitor levels of the CAM began to decrease at 8 hr, but fluctuated upward to 102.5 units at 18 hr, decreased, and then gradually increased until the end of the experiment. These fluctuations may to some extent reflect errors due to difficulty in determining end points in the HI test. Inhibitor and BSiA in CAM from normal eggs ( Fig. 1 and 3) , and those inoculated with indicator virus, showed definite increases.
As seen in Fig. 4 , between 6 and 24 hr there were small variations in the BSiA of the CAM, rather marked fluctuations in the inhibitor levels of the CAM, and the inhibitor level of the infective CAF was diminished (Fig. 3) . As seen in Fig. 1 , levels of FSiA in the infective CAF were considerably above normal and fluctuated between 6 and 24 hr; the levels then increased until the end of the experiment. The levels of FSiA in the CAF may have reflected breakdown of glycoprotein in membranes and CAF.
Our results on hemagglutinin titers yielded less information than infectivity measurements, since infectious virus appears earlier than hemagglutinating virus (Henle and Henle, 1944) , and because smaller amounts of virus can be detected in the test for infectivity.
Neuraminidase content of normal embryo membranes and fluids. It was believed that some of the supposed viral enzyme activity might have been due to the neuraminidase present in normal fluids or extracts (Ada and Lind, 1961) . Accordingly, CAM extracts and CAF from embryos 11 to 14 days old were tested for the liberation of SiA after incubation with N-acetylneuraminic acid, as described in Materials and Methods. There was no FSiA in the CAM extracts until 15 days, at which time 1.0 ,ug of SiA per ml per hr was liberated. These findings are in agreement with those of Ada and Lind (1961) and Rafelson (personal communication). Since, during the 72 hr of our experiment, there was no measureable neuraminidase activity attributable to the host, it was concluded that enzyme activity was that of the virus, although it is possible that the infected membrane might produce more neuraminidase.
DIscussIoN
Our main hypothesis was that a better understanding of the function of viral neuraminidase could be gained by observing changes in levels of BSiA and inhibitor in extracts of infected CAM. Edney and Isaacs (1950), Schlesinger and Karr (1956) , and others obtained significant results based on this assumption. Kelly, Greiff, and Anderson (1962) questioned the value of studying changes in SiA and inhibitor in CAM, and we agree that the procedure would be of dubious value if only small changes were observed; however, when the observed changes are reproducible and greater than the experimental error of the tests, we believe they are significant.
Our seed virus was partially purified to remove as much inhibitor as possible. This procedure reduced the EID5o-HA ratio from 106-0:1 to 104 7:1. On the basis of Henle's (1953) data, we calculated that our inoculum contained 1 HA unit 242 per 10 entodermal cells of the CAM and one ID5o per 1,000 cells.
One of the difficulties in establishing a relationship between BSiA and inhibitor is that measurements of these substances can be regarded as only approximate because of difficulties in the methods of assay. HI end points are difficult to determine, and it is quite possible that inhibitor may be present in varying degrees of aggregation or bound to membrane fragments which may mask it.
Other points are that there may be more than one inhibitor present, and that some glycoproteins which yield SiA after exposure to neuraminidase are not inhibitory (Gottschalk, 1960) . Finally, there are inhibitors which are not acted upon by neuraminidase (Belyavin and Cohen, 1962) .
We (Zhdanov and Bukrinshaya, 1962 ).
There were several possibilities to consider in the interpretation of the decrease of inhibitor and BSiA in the CA1I duripg the period of virus synthesis: namely, that viral enzyme of the inoculum, although contining to act on surface receptors, was starting to act on intracellular receptors (Edney and Isaacs, 1950) ; that metabolism of glycoprotein or inhibitor serves a purpose in virus synthesis; that the virus was released only after enzymatic action; or that some combination of these occurred. Schlesinger and Karr (1956) , using de-embryonated eggs, found that the periodicity of inhibitor breakdown and regeneration was in close agreement with the duration of primary and secondary cycles of viral multiplication, and not with viral release. Although our data did not reveal a definite sequential relationship between inhibitor levels of the CAM and periodicity of viral multiplication, it was nevertheless clear that the fluctuation of CAM inhibitor was reflected in the variations of FSiA of CAF during a period of intense viral synthesis. It seems most likely that during this period the enzyme was acting on glycoprotein on the cell surface and perhaps also on intracellular receptors. However, we have no evidence to exclude the possibility that glycoprotein or inhibitor metabolism may be involved in the process of virus synthesis.
The observation that inhibitor and BSiA levels of the membranes began to increase 24 and 48 hr, respectively, after infection may be explained by the facts that the processes of virus synethesis and release were probably diminished, and that inhibitor or glycoprotein was being regenerated more rapidly than it was being inactivated.
It may be postulated that the increases and fluctuations of FSiA in CAF were due to enzymatic disruption of the glycoprotein of CAMI and its liberation into CAF. However, part may have been due to viral action on the inhibitor already present in the CAF or other parts of the embryo. Some of the periodic decreases of FSiA may have been due to the action of an aldolase (Comb and Roseman, 1958) . The rather marked increases in FSiA we observed between 24 and 72 hr were also reported by Kelly et al. (1962) . These workers did not measure SiA at intervals of less than 12 hr and none earlier than 12 hr after inoculation, so no further comparisons can be made. We are now using de-embryonated eggs to focus attention on changes in CAM Our findings are in marked contrast to those of Noll, Aoyagi, and Orlando (1961) (Kelly et al., 1962) and measurements of SiA and inhibitor levels may suggest a relationship between these and various phases of the infectious cycle. However, this information does not tell us the function of neuraminidase, glycoprotein, and inhibitors, particularly during the period of virus synthesis. Experiments now in progress may resolve some of these problems.
